Introduction
Martinique is a mountainous island of the Lesser Antilles (located in the Caribbean, a "hot spot" of world biodiversity) whose geomorphology, bioclimatic staging and the variation of eco-climatic factors determine a heterogeneity of environments, conditioning the establishment of rich and varied ecosystems (Joseph, P., 1997 (Joseph, P., , 2009 ; Claude, J.P. et al., 2017, (a)).
Its autochthonous flora, native to tropical America, has been enriched by the settlements and colonisation processes it has witnessed (Joseph, P., 2009). Floristic exchanges and the spread of species on the surface of the planet as a result of human mobility over the years have contributed to the diversification of its flora and its useful biodiversity (Kricher, J.C., 1999; Bennett, B.C., et al., 2000; Joseph, P., 2006 Joseph, P., , 2009 ). The floristic additions come from tropical America, Africa and Asia (Joseph, P., 2006 (Joseph, P., , 2009 Maunder, M., et al., 2011) . Among those coming from Africa, three species of coffee trees which are extensively cultivated in the world have been introduced in Martinique and are among the useful plants present on the island: C. arabica, C. canephora and C. liberica (Fournet J., 2002) .
The historical sources relating the history of coffee in Martinique are numerous. The introduction of coffee, its cultivation and its decline in Martinique (18th to 19th century) are, however, very generally associated with one species: Coffea arabica (D'Aulnay, G.-E. C., 1832; Louis Du Bois, 1855; Jeanguyot M., et al., 2003;  Elzebroek A.T.G., 2008; Hardy, M., 2014). If the history of the introduction of Coffea arabica on the island is well recounted, this is not the case for the other two species. In any case, Arabica was the first and the most cultivated species in the world and remains so today, providing a popular sweet and flavoured drink. Its origin, its stories and its distribution in the world are well known ( This coffee was only distributed around the world from the 19th century, despite it having a more bitter taste than that of other cultivated coffee trees (Muhamad Ghawas, et al., 1991; Teketay, D., 1999) . It was used initially in Java to replace the Arabica coffee destroyed by coffee rust before itself becoming equally sensitive and making room for Robusta coffee among others. Liberica coffee cultivation in the world has remained marginal, contributing less than 1% to the world coffee market, unlike Arabica and Canephora (Teketay, D., 1999; Pohlan, H. A. J., et al., 2010) . Coffee is one of the world's major agricultural crops, fourth among agricultural trade and the second or third largest export after oil Gomez, C., 2009 ). Whatever the case may be, Martinique has only witnessed a very short "coffee era"-so called by historians -of less than a century and a half (18th to 19th century) (Hardy, M., 2014).
As part of an attempt to revive coffee cultivation in Martinique, a geographic information system (GIS) was developed in order to carry out a pedoclimatic zoning and find suitable environments for species of the Coffea genus. A first pedoclimatic zoning was carried out for Coffea arabica and resulted in an inability to produce quality Arabica coffee for the future, with rainfall representing a major limiting factor (Jean-Philippe, C., 2015; Claude, J.P., 2016). Because the island contains the three most cultivated species of coffee in the world, a second zoning was carried out and resulted in real but limited possibilities for Coffea canephora (Claude, J. P., 2017, (b)). A third zoning has now been carried out for the last exogenous species of the Coffea genus: Coffea liberica.
The same methodology previously applied for the pedoclimatic zoning of Coffea arabica and Coffea canephora has been applied for the zoning of Coffea liberica (Jean-Philippe, C., 2015; Claude, J.P., 2016; Claude, J.P., 2017, (b)). The conducting of the zoning follows the same steps, consisting first of all of defining the ecological requirements of the species according to the physical factors considered essential for cultivation. These are the thermal and rainfall ranges as well as the types of soils that form the basis of zoning, which then makes it possible to categorise our study area (Martinique) into two distinct zones: suitable or unfit for cultivation. Zoning is obtained using requests in a GIS software (Geographic Information System) allowing to overlay and manipulate monofactorial maps treated at 1/500,000 representing the eco-climatic factors selected and considered essential (Temperature, Rainfall, Soil), . The edapho-climatic requirements of Coffea liberica were therefore defined using the world's scientific literature. Numerical data (isohyets, isotherms, geomorphology) also come from Martinican institutions with expertise in the production of environmental data (IRD, IGN, Météo-France, DEAL, CTM) 2 . This data was processed using the GIS software: QGIS version 2.18.14. Based on the forecasts of the National Meteorology Services (Météo-France), considering the new climatic constraints expected for Martinique for the 2071-2100 time horizon, we have tried to evaluate the likely effects of climate change for the cultivation of Liberica coffee by developing an agro-climatic zoning. The pedoclimatic zoning of C. liberica reveals more potential for cultivation than the other two species of coffee, and the agro-climatic zoning demonstrates increased production potential for this coffee in future years. Coffea liberica appears to be more suited to the environmental conditions of the island than Arabica and Canephora. It can be found at altitudes of up to 600 metres or even greater than 1000 metres. Annual daytime temperatures between 24° and 30°C and an average annual rainfall ranging from 1600 to 2400 mm are optimal for its cultivation. However, according to the scientific literature, C. liberica can tolerate annual temperatures between 18° and 36°C and an annual rainfall of 1,100 to 3,500 mm (Purseglove, J.W., 1974; Landon, J. R., 1984; Roecklein, J. C., 1987; Hensleigh, T. E., 1988; Onwueme, I. C., 1991; Website: Ecocrop). It grows best in the shade and does not tolerate temperatures below 5°C. The species can be grown on a variety of soil types, from peat to clay, on well-drained soils but also on poorer soils. It tolerates a pH between 4.3 and 8. Its cultivation requires less vigilance than the other two coffee trees (Arabica and Canephora), (Purseglove, J. W., 1968; Purseglove, J.W., 1974; Landon, J. R., 1984; Roecklein, J. C., 1987; Hensleigh, T. E., 1988; Onwueme, I. C., 1991; Website: Ecocrop; Teketay, D., 1999; Clifford, M. N., 2012). Coffea liberica, like Coffea canephora, tolerates the heat and humidity of low-lying regions (lower than 1000 metres) and seems to correspond more closely to the environmental conditions of Martinique, unlike Arabica which requires the coolness of high tropical mountains (Jean-Philippe, C., 2015; Claude, JP., 2016; Claude, J. P., 2017, (b)).
The study took place in Martinique, a French island located in the Caribbean, in the Lesser Antilles archipelago ( Figure 2 ). It is situated between Dominica in the north and Saint Lucia in the south, and is surrounded on the west by the Caribbean Sea and on the east by the Atlantic Ocean. It is a mountainous territory with an area of 1128 km 2 . The north of the island is very mountainous, composed of large volcanic massifs exceeding 800 metres altitude. The south is composed of hills of altitudes lower than 500 metres. This contrasts with the centre of the island which is marked by plains ( Figure 3 ). The average annual temperature is 26°C in Martinique. The island has excellent ventilation. It is regularly swept by trade winds from the northeast. It is characterised by high humidity (Albert, P., et al., 1999) . The climate is of humid tropical type, defined by two seasons: the dry season from February to March and the rainy season (also corresponding to the hurricane season) from July to October (Albert, P., et al., 1999) . There are also shorter transition periods with less marked characteristics. The diversity of geological formations and the contrasting spatial distribution of rainfall are the basis for a large pedological diversity (Portecop, J., 1978; Atlan, Y., 1990; Venkatapen, C., 2012).
The island is subject to the same mass of air but its topography generates highly contrasting orographic rains which lead to the establishment of various bioclimates (Figure 4 ), (Joseph, P., 2006 (Joseph, P., , 2009 (Joseph, P., , 2012 . These diverse bioclimates condition the staging of plant formations and favour the establishment of rich and varied ecosystems with significant biodiversity. 
Method
The methodology previously applied for the development of the pedoclimatic zoning of Coffea arabica and Coffea canephora is again applied for the zoning of Coffea liberica (Jean-Philippe Claude, 2015; Claude, J. P., 2016; Claude, J. P., 2017, (b)).
The ecological profile of C. liberica has therefore also been defined based on the world's scientific literature. Physical determinants and values are presented in Table 1 WGS_1984_UTM_20N ) and the production of thematic maps at 1/500 000. 
Edapho-climatic requirements of Coffea liberica

Average annual temperatures
Tolerance range: 18° to 36°C with an optimum of 24° to 30°C
Annual rainfall
Tolerance range: 1100 to 3500 mm with an optimum of 1600 to 2400 mm
Soil types
Soils must be permeable, well drained and well ventilated, and have good depth. The species can be cultivated on a variety of soil types, from peat moss to clay, on poorer soils.
It tolerates a pH between 4.3 and 8. 
1.a. Temperatures
The average annual temperature in Martinique is 26°C (Albert, P., et al., 1999) . Mean annual minimum temperatures in Martinique do not fall below the 15°C mark; this eliminates any risk of frost for the island (Figure 5 ). There is, however, a contrast in terms of the average minimum temperatures between the very mountainous north of the island (more than 800 metres altitude) and the rest of the territory consisting of hills (below 500 metres of altitude) and plains ( Figure 3 ). The highest peaks of the island (in the north) are the only ones to experience minimum average annual temperatures ranging from 15° to 19°C. For the rest of the territory the minimum is around 20° to 25°C ( Figure 5 ).
Mean annual maximum temperatures can reach 27°
to 32°C over the majority of the territory ( Figure 6 ).
Only the highest peaks of the island experience mean annual maximum temperatures not exceeding 26°C (Figures 3 and 6) . 
b. Rainfall
The annual rainfall of Martinique is between 1200 mm and more than 6000 mm of water. This strong rainfall gradient correlates with the altitudinal gradient of the island (Figures 3, 4 and 7) , which is distinct from the north to the south and from sea level to the highest peaks by means of a bioclimatic staging (Joseph, P., 2006 (Joseph, P., , 2009 (Joseph, P., , 2012 . Indeed, the coastal region (from west to east, from the town of Saint-Pierre in the west, to the Trinidad peninsula in the east, figure 7) is marked by the lowest cumulative annual rainfall ranging from 1200 to about 1900 mm of water characterising the dry subhumid bioclimate (formerly called dry bioclimate, figure 4 ). The southern part of the island, from the coastal region to the interior, consists of mountains not exceeding 500 metres altitude (Figure 3 ), the annual rainfall ranges from 1200 to 2500 mm of water characterising the transition to humid subhumid bioclimate (formerly called moderately humid bioclimate, figures 4.7). Finally, the northern part of the island has the highest rainfall, ranging from 2500 to more than 4500 mm of water and exceeding 5000 mm at the highest peaks, and is characterised by humid and hyperhumid bioclimates (Figures 3,4,7) .
Coffea liberica appears to be suited to the rainfall gradient of Martinique, more precisely to bioclimates ranging from dry subhumid to humid, since it tolerates an average annual rainfall ranging from 1100 to 3500 mm with an optimum ranging from It should be noted that Coffea canephora is also suited to bioclimates ranging from dry subhumid to humid because it tolerates annual rainfall of up to 3000 mm with an optimum of 1200/1500mm to 2400 mm according to the world's scientific literature. Arabica requires, according to the authors, an optimum ranging from 1200/1800 to 2400 mm of water and is therefore suited to subhumid dry and subhumid humid bioclimates (Figure 4 
c. Soils
Martinique has a wide variety of soil types with very diverse characteristics (Figure 8 
d. Zoning
The methodology applied for this zoning of Coffea liberica is the same as that applied previously for that of C. arabica and C. canephora (Jean-Philippe, C., 2015; Claude, JP., 2016; Claude, J. P., 2017, ( b)). The edapho-climatic requirements of C. liberica have been defined using the world's scientific literature (Table 1) (Table 2) . The soils map was pre-selected in order to retain only soils considered suitable (Ferrisols, Andosols, Alluvial Soils, Rusty-Brown Soils with Halloysite, Fersiallitic soils). This gave a simplified map with two identifiers: 0 corresponding to unfit soils and 1 corresponding to soils suitable for cultivation. A map of acceptable areas for Coffea liberica cultivation in Martinique is obtained ( Figure  9 ). The pedoclimatic zoning of C. liberica reveals more potential for cultivation than the other two species of coffee: Arabica and Robusta. 
Agro-climatic zoning for
Coffea liberica in the 2071-2100 time horizon.
2.a. Temperatures
The climate projections for the 2071-2100 time horizon used here come again from the National Meteorology Services (Météo-France). This is the RCP 4.5 scenario. According to these projections, average minimum temperatures in Martinique are expected to increase throughout the country. No area, not even the highest peaks of the island, will be unaffected.
The average annual minimum temperatures expected on the island for the latter part of the century (2071-2100) will not drop below 16°C. The risk of freezing will continue to be non-existent ( Figure 10 ). The average minimum temperatures will be even higher than today for the entire territory and may reach up to 26°C. If minimum temperatures increase everywhere, only the highest peaks in the north of the island will have minimum temperatures below 20°C (Figures 3  and 10 ). Mean annual maximum temperatures will increase significantly across the entire territory, from the 21° to 32°C currently measured to 23° to 33°C in 2071-2100 ( Figures 6 and 11 ). Most of the island is expected to experience average maximum temperatures often between 29° and 33°C ( Figure  11 ). The highest summits of the island (in the north) will not be exempt either from the rise in temperatures but will always present the lowest figures. Furthermore, the average maximum temperatures that will be measured on the highest peaks in 2071 will begin at 23°C, an increase on 21°C today (Figure 11 ). This RCP Scenario 4.5 from the national meteorological climate projections (the most optimistic scenario used here, among others) predicts an overall rise in temperatures for the entire island. This thermal gradient of Martinique will clearly be favourable neither to Coffea arabica nor to Coffea canephora but appears suitable for Coffea liberica. 
b. Rainfall
The climate projections for the 2071-2100 time horizon used here also come from the National Meteorology Services (Météo-France, scenario RCP 4.5). For the 2071-2100 time horizon, Météo-France predicts a significant change in the rainfall gradient of the island, specifically in the dry subhumid and hyper-humid bioclimate (Figures 4 and 12) . The rainfall gradient of Martinique is currently between 1200 mm in the coastal region and more than 6000 mm of water on the highest peaks in the north of the island and should increase to 1500 mm in the coastal region and more than 5000 mm of water on the highest peaks (Figures 3 and 12 
c. Zoning
The methodology applied for this agro-climatic zoning of Coffea liberica is the same as that applied previously for that of C. arabica and C. canephora (Jean-Philippe, C., 2015; Claude, J.P., 2016; Claude, J.P., 2017, (b)). Based on the ecological profile of C. liberica defined in the world's scientific literature (Table 1) , we establish the basis of our agro-climatic zoning ( Table 3) Figure 13 which shows the areas suitable for the cultivation of Liberica coffee for the 2071-2100 time horizon. Figure 13 : Agro-climatic zoning for Coffea liberica in Martinique.
Discussion
The first pedoclimatic zoning that was carried out for the first species of coffee tree: Coffea arabica, resulted in an inability to produce a quality coffee for the future, with rainfall representing a constraining and limiting factor and the species requiring lower annual average temperatures and which do not approach 30°C (Jean-Philippe Claude, 2015 ; Claude, J. P., 2016). The second zoning carried out for the second species of coffee: Coffea canephora, was more fruitful and resulted in real but limited possibilities for its cultivation (Claude, J. P., 2017, (b)). The tolerance of C. canephora to temperatures around 30°C gave it, according to the results obtained, more possibilities for adaptation to the environmental conditions of Martinique than Arabica.
This third pedoclimatic zoning carried out for the last exogenous species of the Coffea genus shows more possibilities for cultivation than for the other two species of coffee. Coffea liberica seems the most suited to the environmental conditions of the island (Figure 14 ). In fact, it is the only species that tolerates or even thrives in temperatures around 30°C and above These pedoclimatic zonings have on the whole made it possible to highlight the highly restrictive nature of Martinqiue's environmental conditions. This has led to difficulties in identifying optimal areas for the cultivation of species from the Coffea genus. Only zones which are acceptable and not optimal have been identified. Firstly, the amount of rainfall in the northern part of the island, particularly at the level of the high peaks, is too high (from 3000 mm to more than 6000 mm of annual water accumulation), while the lowest average annual maximum temperatures are experienced there (Figures 3, 5, 6, 7) . The rest of the island is more conducive to the cultivation of the coffee tress because the rainfall level is much lower (1200 mm to 3000 mm of cumulated annual water). However, the highest average maximum temperatures are experienced there, which represents a highly restrictive factor, especially for Arabica.
Finally, it was also possible to evaluate the likely effects on coffee cultivation of the new climatic constraints predicted for Martinique for the 2071-2100 time. Unsurprisingly, the forecasts of the National Meteorology Services are not favourable for coffee cultivation in Martinique, with the exception of Coffea liberica (scenario RCP 4.5, one of the two simulations of Aladin-Climat for the Lesser Antilles, at a resolution of 10km), (Météo-France Antilles Guyana, D.M., 2012; Cantet, P., et al., 2014). Indeed, these forecasts predict a rise in temperatures throughout the territory making it impossible to envisage the production of a quality Arabica coffee and possibilities which are too limited for Canephora for the time horizon 2071-2100 (Claude, J. P., 2016; Claude, J. P., 2017, (b)). Once more it is only Liberica which presents increased possibilities for cultivation because of its tolerance to very high temperatures and heavy rainfall.
Three centuries after the introduction and cultivation of coffee in Martinique, the results obtained after drawing up these various pedoclimatic and agroclimatic zonings carried out for Coffea arabica, canephora and liberica pose questions to us regarding the coffee era that the island of Martinique would have witnessed. The famous "Martinique" coffee, which was able to be produced from the 18th to the 19th century, probably had to be produced exclusively by mixing grains from several coffee trees. 
Conclusion
This study was conducted using eco-climatic data collected from the Martinican institutions with expertise in the production of environmental data for Martinique. The limits regarding carrying out pedoclimatic and agro-climatic zonings are known in the world: namely approximation or the neglect of microclimates (Wollmann, C. A., et al., 2013). Zoning for species of the Coffea genus (Rubiaceae family) come under macroecology. They rely on the use of geographic information systems (GIS) whose efficiency has been proven around the world.
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